There is a good agreement between observed morphology of 150-km echoes and 14 simulated electron densities during a solar flare.
form between the 150-km echo layers. We further investigate the change in vertical plasma 79 drift velocity during the solar flare, and find that this is likely related to a rapid change 80 in the conductivity that occurs during the solar flare. ter Radar (ISR) mode (e.g., G. A. Lehmacher et al., 2009 A. Lehmacher et al., , 2019 . The MST mode allows 86 the observation from 0 km to 200 km, while the ISR mode measures from 200 km to 900 87 km in altitude. Although the mesosphere stops at around 100 km, the MST mode has 88 proven to also be useful in the study of coherent scattering from ionospheric irregular- 89 ities, such as those coming from 150-km echoes (e.g., Kudeki & Fawcett, 1993; J. L. Chau 90 & Kudeki, 2006) . The MST-ISR mode is realized by interleaving sequences of pulses with 91 different repetition, pulse width and pulse coding. In the case of the MST part, 20 con-92 secutive pulses with 1.33 ms (or ∼200 km) interpulse period (IPP) and 64 baud com-93 plementary codes pulses with a total width of 64 µs (or 9.6 km) are transmitted. In the 94 case of the ISR part, 2 Barker-3 coded pulses with a total width of 300 µs (or 45 km) 95 and an IPP of 6.66 ms (or ∼1000 km) were transmitted. The nominal range reso-96 lution of the observations is 150 m.
97
These pulse sequences were transmitted simultaneously on four different beam po-98 sitions (North, East, South and West), taking advantage of the modular and polariza-99 tion features of JRO. Two transmitters of 1 MW peak power each, were combined be-100 fore feeding all four beams simultaneously, i.e., on each beam 500 kW peak power was 101 transmitted. In this work we present the results of September 7, 2005 only from the MST 102 part of the West beam (-87.68 • azimuth, 87.52 • elevation), which is the beam pointing 103 the closest to perpendicular to the Earth's magnetic field B (beam gain peak ∼0.8 • from 104 perpendicular to B and elongated in the North-South direction with a beam width of 105 ∼1.4 • ) at 150 km at the time of the experiment. More details of the JRO modes, sig-106 nal processing, other solar flare effects, and other events can be found in Reyes (2012) . WACCM-X extends from the surface to the upper thermosphere (4.1 × 10 −10 hPa, ∼500-110 700 km depending on solar activity), and has a resolution of 1.9 • in latitude, 2.5 • in lon- 
123
Geomagnetic forcing is incorporated by imposing the Heelis empirical convection pat-124 tern at high latitudes (Heelis et al., 1982) , which is driven by the 3-hr geomagnetic K p the layers initially rise rapidly, though the rate of ascent slows over the following hour.
150
The vertical thickness of the layers also appears to be changed by the solar flare, with 151 the layers being narrower following the solar flare.
152
The corresponding electron densities simulated by WACCM-X are shown in Fig-153 ure 1b. Note that the WACCM-X results have been shifted later by 5 minutes to be more 154 consistent with the observations. This corresponds to the model time step, as well as the 155 solar flare forcing input, so we consider a 5 minute offset to not be a significant discrep-156 ancy between the timing of the solar flare effects in the observations and simulations. 157 We also note that the coarse (relative to solar flare time scales) time step of WACCM- 
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In addition to influencing the E-region electron densities and 150-km echoes, so- 
